Surfactant concentrations
Surfactant concentrations were chosen for the Artemia hatching or mortality assays by varying concentration of the surfactants. Concentrations chosen were ones that caused either a hatching or mortality percentage that was <30 % so that any changes caused by HAs would be significant.
The surfactant concentrations chosen for the model biomembrane were below the critical micelle concentration (CMC) but also high enough to cause significant perturbation of the biomembranes. For Tx-100 (CMC = ~150 ppm) [7] and CPC (CMC = 40.8 ppm), [8] the concentrations was ~70% of the CMC whereas the SDS (CMC = ~2365 ppm) [9] was ~5% of the CMC due to the high percentage dye release in the presence of NaCl. SDS concentration was also limited by humic acid concentrations because a 1 : 1 ratio of HA to SDS was desired.
Supplementary procedures for the liposome fluorescence study

Model biomembrane preparation
For liposome fluorescence measurements, all model biomembranes, humic acid solutions, and surfactant solutions were in a 0.01-M phosphate buffer at pH 7.0.
The sulforhodamine-B (SRB) vesicles were prepared as previously described. [5] In short, a lipid film was created in the bottom of a round bottom flask by dissolving POPC in 66 μL of methanol and 132 μL of chloroform (1 : 2 solution), stirring the solution for 30 min and then evaporating under nitrogen gas for 24 h resulting in a thin lipid film. The lipid film was hydrated with 5 mL of 50 mM SRB dye in phosphate buffer and the solution was vortexed until the lipid was fully suspended in solution. The solution then underwent three freeze/thaw cycles (placed in dry ice and acetone until the mixture was completely frozen and then heated to 80 °C) to yield large multilamellar vesicles. The thawed vesicles were then extruded utilising a Lipex Lipid Extruder (North Lipid, Vancouver, BC, Canada) through a 100-nm pore Whatman Nuclepore polycarbonate track-etched membrane to create large unilamellar liposomes (model biomembranes). Size exclusion chromatography was used to remove the non-encapsulated dye from the dye-loaded liposome solution by passing the liposome solution through three consecutive columns packed with Sephadex-G 50 resin with phosphate buffer as the elution buffer. Dynamic light scattering (DLS) was used to verify the size and monodispersity of the model biomembranes. The DLS measurements were made with a scattering angle of 90° and a wavelength of 6471 Å. The DLS results confirmed the formation of vesicles with a diameter of 100 nm.
Fluorescence measurements
The blank for all fluorescence measurements was a solution of liposomes and the phosphate buffer.
Excitation and emissions wavelengths of 565 nm and 585 nm respectively (the excitation and emission The SDS has a much greater dye release in the saline water solution than in the fresh water solution.
This constitutes further evidence that the sodium ions surround the negatively charged liposomes, decreasing the repulsion between the liposomes and the SDS, which allows the SDS to permeate the liposome.
There is little interaction between the SDS and SRHA in the fresh water environment because of the electrostatic repulsions. However, in the 35 ppt NaCl solution, there is a significant decrease in liposome perturbation when SRHA is added to the system. Again, the sodium ions must be playing a role in limiting the electrostatic repulsion and allowing the SRHA to interact with the SDS. 
Characterisation data for the HAs used in this study
Non-chemically modified HAs
The following section contains tables summarising the carbon speciation by 13 C NMR analysis, metal content, and elemental compositional data (used for calculating the polarity of the different HAs), provided here in support of the discussion presented in the main manuscript. 
Chemically modified HAs
The following section contains tables summarising the carbon speciation by 13 C NMR analysis and metal content of the chemically edited HAs, provided here in support of the discussion presented in the main manuscript. It was found that the trends noted in the manuscript for the chemically modified HAs are independent of the differences between them in terms of metal content. Representative images of the Artemia franciscana used in this study Fig. S2 shows images of the Artemia franciscana used in this study at two different time points. The images show that the A. franciscana are growing as expected and that there are no discernible physiological defects (the same was true in regards to visible motor performance). These images are for A. franciscana exposed to 35-ppt NaCl at pH 7.8, in addition to the hatching percentage, further show that under these conditions, the A.franciscana are healthy, as was found or all HA solution in the absence of surfactants. 
Hatching and mortality data for Artemia franciscana in the presence of the different HAs used in this study
The data in Fig S3 and S4 clearly show that none of the HAs studied were toxic to the Artemia franciscana for the conditions used. In regards to HAs being toxic, we have previously studied [5, 6] this phenomenon extensively with model systems by a range of techniques including 31 P NMR and fluorescence leakage assays and have found that HAs can induced passive membrane perturbation at acidic pH, but induce little to no perturbation at pHs of 7 or higher, as used in this study. Thus, the finding here in terms of HAs toxicity is consistent with our previous study on model membrane systems. This is comforting and illustrates the usefulness of model systems as well as living organisms in toxicity studies. 
